The im por tance of coal py rol y sis stud ies for the de vel op ment of en ergy tech nol o gies is ev i dent, since py rol y sis is
On the other hand, coal pyrolysis is investigated in details for the needs of coke chemistry, where processes occur mainly at low heating rate conditions (10 -2 -10 2 K/s) and at atmospheric pressure. For these conditions a lot of experimental data was obtained (by TGA, DTA, and "heated grid" test methods), allowing to elaborate coal molecular structure and its transformations during pyrolysis •2•. It is established that initial coal macromolecules consist of aromatic fragments binded by heteroatoms (O, N, S) and aliphatic links, and also of light molecular groups weakly connected with aromatic fragments. During heating of coal, thermal destruction takes place, i. e. bonds between fragments breakdown and light groups are released in the form of gases. Aromatic fragments-radicals become moveable on this stage, and intermediate metaplastic state of coal takes place. The active bonds of aromatic radical fragments can be stabilised: either by reversible capturing of gaseous molecules, first of all hydrogen or its donors (metastabilisation), or by non-reversible condensation into carbonised coke residue. The smallest (the most moveable) and metastabilised aromatic fragments get out of particles in the form of tars. In the presence of hydrogen or its donors, condensation is inhibited, and this allows to convert the main part of coal matter in liquid state (coal hydropyrolysis and liquefaction). So, neither volatile (gases and tars) nor solid carbon (coke) are present in coal particle initially, but they are formed during pyrolysis, and their yields and properties depend on conditions in which pyrolysis takes place. These ideas are in agreement with the experimentally determined increase of tar yield during rapid heating •3• and increase of total volatile yield during extra-rapid heating •4•. It is also find out that reactivity of coke residue decrease with the increase of when heating rate and final temperature •5•.
Several attempts to describe kinetics of pyrolysis are valid only under condition that mass transfer is not the controlling process. Kinetics of decomposition of simple matters can be presented by the expression:
where W 0i is the final and W i is the continuous yield of i-product, k i = k 0i exp(-E i /RT) is rate constant of evolution of i-product, E i and k 0i are activation energy and frequency factor for the source of i-product (i-source), and n is reaction order. Expression (1) is often used for processing of experimental data, under assumption that every i-product is formed from the single source with activation energy E i (S-model) and n = 1. However, in •2, 6• it is shown that experiments with different heating rates processed by S-model give different values of kinetic constants E i and k 0i . This fact is probably the consequence of the existence of several different bonds surrounding the bond of the i-source, that can strengthen or weaken it. The simplest assumption is that every i-product is formed by the number of sources having Gaussian distribution of activation energies around
In G-model the total yield of the i-product (per dry ash free -daf coal matter) is assumed to be constant for given coal and is defined theoretically as integral of expression (2). Experimentally the total yield W 0i , of the i-product, G-model kinetic constants E i , k 0i , and s i can be determined by double differentiation of the evolution curves obtained for at least 4 different heating rates •6•. In •2• the generalised values of W 0i , E i , k 0i , and s i are determined for gaseous and liquid products for different coals at constant heating rates, which are in good agreement with the experiments.
However, for high and super-high heating rates and at high pressure all above-mentioned ideas have not yet been approved due to the lack of experimental data. Moreover, for FB-pyrolysis up to the moment it was considered that the errors connected with gas transport and mixing did not allow to carry out kinetic measuring at all. It is believed that non-linear particle temperature change impede application of G-model--based calculations, and that all kinetic-based calculations can not be correct if the in-pore mass transfer is not taken into account. The evident Quantitative dependence of the char reactivity on temperature during FB-pyroly-sis and or fixed carbon conversion at extra--rapid heating in entrained-flow gasification are not yet obtained, also.
In the Coal En ergy Tech nol ogy In stitute (CETI) dur ing last 12 years the de tailed study of py rol y sis in FB (lab o ra tory-scale PY -ROL Y SIS-D plant at 0.1-2.5 MPa pres sure and pi lot-scale UTT-2-2.76 plant 1 with coal feed rate 100-500 kg/h) and en trained-flow gasi fi ca tion tech nol o gies (pi lot-scale GSP-0.1 plant 2 with coal feed rate 50-150 kg/h), was carried out. The main re sults ob tained are the follow ing. 1. In en trained-flow gasi fi ca tion with thermal shock (heat ing rate ³10 6 K/s), and fi nal tem per a ture ³1500 °C for bi tu minous coals and ³1900 °C for an thra cite the de gree of car bon con ver sion X c during py rol y sis (0.1-0.2 s) reaches 90-95%
•7• ( fig. 1 ). In open lit er a ture there is no re sults ob tained un der the men tioned con di tions. Re sults are in good agreement with above-men tioned idea proposed for less rigid con di tions that solid car bon yield in crease with the in crease .
where k 0 is fre quency fac tor in Arrhenius ex pres sion for coke res i due -air ox y gen re ac tion rate con stant k = k 0 exp(-E a /RT) •10•. It seems to be the first re li able quan ti ta tive pre sen ta tion of ideas about in crease of coke carbonisation de gree with the in crease of heat ing rate and fi nal tem per a ture •2, 5•. For bi tu mi nous coals this fac tor is neg li gi ble com par ing to ex ter nal dif fu sion com bus tion rate lim i ta tion, but in FB-py rol y sis the ef fect par ti cles ag glom er a tion (mainly for the par ti cles with £0.25 mm in size) takes place ( fig. 2 ). It is be lieved that ag glom er a tion is a conse quence of metaplastic prop er ties of coal mat ter dur ing py rol y sis. , calculated dependences: 5, 7, 6, 5, 3. In FB at T b = 750-1000 °C, P = 0.1-2.5 MPa the coal particles with £2.5 mm in size, are heated up to bed temperature within 0.2-4.0 s, so the main part of devolatilization occurs at isothermal conditions at bed temperature. Gaseous volatiles evolution depends on the conditions of their evacuation from the particle. If the fluidization velocity is low and the concentration of products around the particles is noticeable, the rate of gaseous volatile evolution is limited, most probably the reverse reactions of gaseous products with metaplastic coal matter takes place (the reactions of metastabilization of the radical fragments of coal macromolecules). This results in limitation of H 2 , CH 4 , and CO evolution rates by some top (equilibrium) partial pressures P 0i of gas products in the form of:
where P i is partial pressure of the current i-product, or, accounting P 0i = k 1i /k 2i ratio between the rate constants of direct k 1i and reverse k 2i reactions of pyrolysis gas evolution, in the form of:
at high pressure P in reaction zone (P o P 0i ) •9, 11•. Here G gc is the flow of carrier gas which was inert or CO 2 in tests. The detected top partial pressures P 0i of gas products increase (Arrhenius-like) with temperature ( fig. 3 ), very slightly depend on coal type and do not depend on total pressure (when P > P 0i ) and on particle size. Therefore, it would be impossible to obtain medium-calorific (non-diluted) pyrolysis gas at P ³ 10 MPa in FB. If preliminary pyrolysis is organized by using some solid heat-carrier (for instance, in two-stage pressurized circulating fluidized bed (PCFB) technologies, some carrier gas flow through pyrolyzer is necessary •12•, and the rate of devolatilization would be proportional to G gc and to P 0i . 4. In FB in the same ranges of temperature, pressure and particle size, but at high fluidization velocity and low concentration of products around the particle, the rate of gas evolution from coal increases during the period of particle heating up to bed temperature and then decreases in the form of expression (1) (n = 1). As yields and rate constants of gaseous products evolution determined experimentally increase (the last -Arrhenius-like) with bed temperature (tab. 1) and do not depend on pressure, fluidization velocity and particle size •9, 11, 13•, process is kinetically controlled. It was possible to obtain this result only by using method of data processing which takes into account gas transport and gas mixing in FB-reactor and to elucidate only influence of chemical kinetics.
Unlike results presented at the items 1, and 3 which are confirmed on pilot-scale plants, and results presented at the item 2 which have merely chemical ground, results obtained in FB-experiments (item 4) have to be checked by comparison with generalized kinetic data based on G-model •2• (accounting that all another known kinetic data obtained in just another conditions were processed by S-model and therefore would not be used).
In particular, the question is what is the contribution of intrinsic mass transfer and why in FB-experiments gas-products yields increase with the increase of bed temperature in spite of G-model's assumption about the constant products' yields. It must be taken into account that FB-experiments really cannot be processed by G-model, because it is not possible to change heating rate and the fact that change of particle temperature is not linear. That's why the only way to check FB data is to suit the G-model-based method of calculation of devolatilization dynamics to FB heating conditions using generalized kinetic data of •2• and to compare the experimental and calculated data, at least for H 2 as for one of the major products.
The algorithm of such method was developed in CETI and is presented at fig. 4 
Initial data
Calculation of the i-source gas evolution depending on gas type, temperature, pressure, size of coal d p and bed particles d b , and calculation of coal particle temperature change T p (t). In the first approach endothermic thermodestruction specific heat (400-600 kJ/kg when T p = 700-900 K) can be accounted by 30-50% decreasing of a value. The next step is presentation of Gauss distribution (2) as histogram using for H 2 k 0 = 110 14 s -1 , E a = 336,7 kJ/mol, s = 49,9 kJ/mol •2•, W 0 = 225·10 -3 nm 3 /kg daf •11•, and histogram step DE<0,1. For every i-element of histogram (i-source with E = E i ) function W i (t) is calculated numerically (time step Dt £ 0,2 s) using the expression: 
which is the solution of expression (1) (1), the same is valid for experimental data, -calculated values of the rate constant k and of W 0 (the last can be defined as W value at the point where dW/dt decreases down to 10 -6 nm 3 /s, or to gas analyzer sensibility limit) increase with bed temperature as well as experimental ones. It is important to note that the result of calculation is obtained using G-model kinetic only, with no accounting of mass-transfer limitations. This proves that at FB--pyrolysis conditions intrinsic mass-transfer limitations are negligible and devolatilization is really kinetic-controlled. The applied importance of this result is that in practical applications tar and another products evolution which are difficult to detect directly in FB can be calculated in the same way, i. e. by using the G-model-based method proposed above.
The main conclusion on CETI pyrolysis studies is that for development of the modern coal conversion technologies simplified "mechanical" presentation of pyrolysis process can not be used but modern "macromolecular" due to much better capability of the last to explain experimental facts. All above-mentioned results seem to be important for development of the new efficient coal conversion technologies based on different kinds of FB and entrained flow regimes.
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